Sequences Required for 5 UTR-3 TE Interaction Introduction
To understand how the 5Ј UTR interacts with the 3Ј TE, we determined its secondary structure and domains The 5Ј m This construct gave background levels of LUC activity predicted base-pairing between UTRs resulted in 3-to 5-fold more T1 cleavage at the G in L-IV (G 105 ) compared presumably because SL-III cannot base pair with itself ( Figure 2B ). The L-IIIU→A mutation was introduced only to wild-type RNA or the double mutant in which basepairing would be restored ( Figure 2D ). Thus, a point in the 5Ј copy of SL-III, to allow base-pairing between it and the wild-type L-III in the 3Ј TE. In this case, nearly mutation over 1.6 kb downstream clearly affects T1 nuclease sensitivity of a base (G 105 ) in the 5Ј UTR wild-type levels of LUC were obtained ( Figure 2B ). Thus, base-pairing is necessary and sufficient for communica-(3ЈTEU→A mutants, Figure 2D ), supporting the predicted interaction. tion between the 3Ј TE and the 5Ј UTR. Moreover, because the stem of SL-III is different from that of SL-IV, the stem structure in the 5Ј UTR is not important for 3Ј-5Ј communication or ribosome recruitment. This is L-III:L-IV Base-Pairing Is Necessary for Replication To determine the biological relevance of the above musupported by the very different sequence of the SL-IV stem in the 5Ј UTR of BYDV isolate PAV-129 ( Figure 1A) . tations in their natural context, they were introduced into full-length viral RNA, and the effects on translation To detect the long-distance base-pairing directly, we observed the effect of disrupting and restoring L-IV:Lin vitro and on virus replication (which requires translation) in vivo were observed. The effects of single and III base-pairing on nuclease accessibility of L-IV. mRNAs with viral 5Ј UTR and 3Ј TE were probed with nuclease compensatory mutations in L-III and L-IV on translation of genomic RNA ( Figure 3B ) were similar to their effects T1, which cleaves only single-stranded guanosine nucleotides, and cleavage sites were mapped by primer on translation of the reporter gene ( Figure 2B ), but in the double mutants viral RNA translation was fully restored. extension. Although several nonspecific bands that did not correspond to G residues appeared, presumably Replication was assessed by quantification of subgenomic RNAs that accumulated in transfected oat produe to premature termination by reverse transcriptase, the G banding pattern was consistent with the predicted toplasts ( Figure 3C ). Unlike genomic RNA inoculum, which can linger in the absence of replication, subgenokissing stem loop structure ( Figure 2D) . Disruption of (Figure 2A) . In that context, Finally, this report provides evidence of a novel capit probably does base-pair to L-III during translation, independent translation mechanism that resembles whereas it does not inhibit translation from its internal translation of capped mRNAs by its requirement for ribolocation in the full-length genomic RNA context. Thus, somal scanning from the 5Ј terminus of the mRNA. Given the proximity to the 5Ј end may be necessary for stable the large number of viruses that lack caps or poly(A) base-pairing. This is supported by the requirement for tails or have potential base-pairing between UTRs (Hahn ribosomal scanning from the 5Ј end in similar to those reported here may be widespread. This interaction, via the kissing stem loop, is required only when the TE is in the 3Ј UTR (Guo et al., 2000) .
Experimental Procedures
Thus, we propose that the closed loop is necessary to deliver either ribosomes or initiation factors to the 5Ј mRNA Construction RNAs were synthesized by in vitro transcription from plasmids with UTR, and that mRNA can then enter the ribosome for 
